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1. Sensor devices are placed on the bed of a river, in order to monitor the current.
Initially, the devices are moored remotely, and the probability that this is achieved
correctly is 0.75. If a device is not moored correctly, then a diver is sent to correct the
mooring, with probability of success 0.90. The reliability of the recording equipment
in a sensor is 0.99. A sensor is said to be operational if it is moored correctly, and
recording data.

(a) [7 marks] Use a tree-diagram to show that the probability that a sensor is opera-
tional is 0.965.

(b) [12 marks] Four sensors are placed at a particular location. Calculate the proba-
bility that

(i) all four are operational.

(ii) at least one is operational.

(c) [6 marks] Four more sensors are placed at the same location. What is the prob-
ability that exactly six of the eight sensors are operational?

2. A random set of 12 steel balls were assessed for the liability of the component steel to
surface fatigue failure. As part of this investigation the lifetime of each ball (in minutes)
was recorded. The results below were obtained using MINITAB.

�����������
	�� 
 ������� ����������� ��������� ������� ��!�� "�# ����$%�����
& # #�' #)(*',+.-0/ 1 23+54�( #�'�(3+54�4 #�'�67+84�9 #)(
#:+.-0'
�����������
	�� "�( ����;%� �<!��
& # #=(�->+59�/ #�/%#?+@6*4

(a) [7 marks] Draw a boxplot to summarise the distribution of the sample. [You may
find it helpful to know the additional information that the second largest value in
the sample was 142.01.]

(b) [8 marks] Calculate the number which should appear as
1

above. Hence, stating
any assumptions you require, calculate a 95% confidence interval for the mean of
the distribution of lifetime of a randomly selected ball.

(c) [10 marks] Suppose that the maximum lifetime is modelled by an EVG1 distri-
bution with A B C)D�D and E B F . Calculate the probability that the maximum
lifetime is greater than 130. Hence, calculate the return period for a lifetime of
130 minutes.
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3. The level of ozone concentration at a particular location on a randomly selected day is
assumed to be normally distributed with mean 50 parts per billion, ���

�
and standard

deviation 16.4 ���
�

.

(a) [5 marks] What is the probability that a randomly selected day has ozone con-
centration greater than 80 ���

�
?

(b) [5 marks] What proportion of days will have ozone concentration between 51 and
100 ���

�
?

(c) [7 marks] What concentration is exceeded by exactly 99% of the days?

(d) [8 marks] A sample of 16 days is observed to have a mean concentration level
of 56.95 ���

�
and a standard deviation of 23.69 ���

�
. Using these data, calculate

a 95% confidence interval for mean level of ozone concentration and hence de-
termine if the data provide significant evidence to reject the hypothesis that the
mean ozone level is equal to 50 ���

�
.

TURN OVER
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4. An experiment was carried out to determine failure mechanisms of plasma-sprayed
barrier coatings. The failure stress ( � C)D � Pa) for one particular coating under two
different test conditions produced the following resuts.

Test 1: n =9, �� = 16.36, ��� = 2.07

Test 2: m =7, �� = 12.49, �	� = 4.08

(a) [8 marks] A normal probability plot of the results from the two test conditions is
given above. Does the plot suggest equality of variance for failure stress under
the two tests? Explain your answer.

(b) [17 marks] Stating any assumptions you require, calculate a 95% confidence
interval for the difference in the mean failure stress under the two tests. Hence,
test the hypothesis that there is no difference in mean failure stress.
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5. Consider the linear regression model

��� B A�� E ��� ��� � � B C	��
�
�

���
for the following data on the fretting wear of mild steel and oil viscosity. Let � B oil
viscosity and � B wear volume � C)D������������ .

y 240 181 193 155 172 110 113 75 94

x 1.6 9.4 15.5 20 22 35.5 43 40.5 33

The following was produced in MINITAB as part of a regression analysis
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(a) [8 marks] Show that the least squares estimates of A and E are: ?A B @�A�B4
 DDC
and ?E B EFAG
 F�D	H	I .

(b) [4 marks] What is the proportion of variation in wear volume explained by the
regression? Does the regression model fit well?

(c) [4 marks] Calculate a 95% confidence interval for the slope of the regression
line. [4 marks] Is there a significant relationship between wear volume and oil
viscosity?

(d) [9 marks] Calculate the value of oil viscosity for which the wear volume is pre-
dicted in the MINITAB output. Explain how you would interpret the two intervals
provided with this prediction.

END OF PAPER
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